We assessed a prematurity prevention project in a North Carolina region with 21,000 annual births in terms of its impact on low birthweight. Project records were matched to birth certificates in order to compare characteristics of women in and out of the program who received prenatal care from private providers. A logistic regression analysis, in which the effects of race, marital status, age, and other risk factors for low birthweight were statistically controlled, showed that women not in the project were 1.32
Introduction
Low birthweight is a major cause of neonatal mortality.",2 Much of the decline in neonatal mortality in North Carolina over the last decade has been due to better survival of low birthweight babies.3 There has been relatively little improvement in the proportion of births that are low weight. Strategies to reduce low birthweight are therefore of interest as a means of further decreasing neonatal mortality, as well as for the benefits of reducing infant morbidity and medical care costs. Approximately two-thirds of North Carolina births under 2500 grams and virtually all births under 1500 grams result from premature delivery, defined here as delivery before 38 completed weeks of gestation.
Although social, economic, and demographic factors are strongly implicated as causes of low birthweight, they are difficult to modify in the short run. Health care programs often serve to ameliorate problems due to these more basic causes. The benefits of a program of risk assessment, patientand provider education, and lifestyle modification for patients at risk have been proposed by Papiernik and others.45 Yet such prematurity prevention programs have not been found effective in reducing low birthweight in some populations.6 This paper is an evaluation of a prematurity prevention project operating in a North Carolina perinatal care region.
A recent study by Meis, et al, 7 suggested that this Northwest North Carolina Prematurity Prevention Project has had a positive impact on birthweight. The present study, made possible by matching project records to birth certificates, extends and supports the findings of Meis, et from providers who participate in the prematurity prevention program. All of the county health department prenatal clinics as well as many private obstetricians and family physicians have chosen to utilize the program. The program was advertised extensively to all providers in the region through letters and meetings. Once a provider agrees to participate, all prenatal patients in the practice are treated according to the protocols of the program. All types of practices are represented in the project, e.g., urban, rural, solo, group, obstetricians, family practitioners.
Key features of the program are: * risk assessment of all patients using a standardized risk assessment tool, which is a modification of the instrument used by Papiernik and Creasy;4'5 * education of patients and providers; * intensive prenatal care for patients at risk with weekly visits and cervical examinations after 24 weeks gestation; * assessment of uterine activity of patients with signs of premature labor, followed by appropriate use of tocolytic agents.
Although information about prematurity prevention techniques has been promoted in all regions of North Carolina by the Statewide Perinatal Care Program, in Region II there was a more intensive effort to enlist providers in the program, a greater rate of participation by providers, and computerization of the records of all participants, made possible by a federal maternal and child health SPRANS* grant to the Bowman Gray School of Medicine.
Characteristics of women in and out of the prematurity prevention project were compared by matching program records for women with a live birth to the birth certificates of residents of Perinatal Care Region II for calendar year 1985. Women with birth certificates for which there was a match with a program record were considered in the project, while the balance of non-matched certificates for residents of the region comprised the control group. Computer matching on name, date of delivery, and county of residence was followed by extensive visual matching so that 88 per cent of the program records were matched to birth certificates. Thus 12 per cent of project participants will be counted in the "out-of-project" group since their birth certificates could not be identified. To the extent that the prematurity prevention program is effective, the result of this non-matching would be to reduce measured differences in birthweight between the two groups and thus the error would be conservative. *SPRANS: Special Project of Regional and National Significance.
To enhance comparability between the two groups, only patients receiving care from private providers were included in the analysis. This meant excluding health department patients, who are a distinct low socioeconomic population, from the results of the project group. These women in poverty have many risk factors for low birthweight that may counteract any beneficial effect of the project, and there was no comparable large group of women in poverty in the out-of-project group. Women with no prenatal care at all were excluded from the out-of-project group since there were not any no-care women in the project group. Only singleton births were included in order to eliminate differences in birthweight due to the incidence of multiple birth. Live births less than or equal to one pound (454 grams) were excluded (as were stillbirths) in order to minimize classification problems. Multiple births were approximately 2.3 per cent of the total and births less than or equal to one pound were 0.2 per cent of the total. These exclusions resulted in 18,282 live births to private patients available for assessing the effect of the project.
Characteristics of women in and out of the project, using data available from the birth certificates, were first compared using tabulation ofper cents. Indicators of Medicaid and WIC (Supplemental Food Program for Women, Infants and Children) participation were derived through matching to other program files. The quantitative adequacy ofprenatal care was measured using the "adequate" category of the Kessner Index8 as adequate, and the "intermediate" and "inadequate" categories as not adequate. A logistic regression analysis was employed to determine if women in and out of the project differed in the incidence of low birthweight after controlling for differences in other maternal characteristics. Several subcategories of low birthweight were examined: less than 2500 grams, less than 2500 grams and preterm (<38 weeks), and less than 1500 grams. Finally, the effect of the project on birthweight across different categories of the other predictor variables was examined.
Most of the data items from the birth certificate used in this analysis have a high degree of completeness of reporting, as indicated in a previous study of the quality of the data on birth records in North Carolina.9 About 3 per cent of the birth records were eliminated from the regression analysis because of missing gestational age, which was used to calculate the Kessner Index of prenatal care, due to missing month or year of date of last menstrual period (missing day was imputed) or to a gestational age clearly imcompatible with birthweight. It has been shown that eliminating records with missing or inaccurate gestational ages results in a sample selectively depleted of individuals in the highest sociodemographic risk group,9 although the effect on the results here should be small since only 3 per cent of the records are involved. Results Table 1 compares women in and out of the project by birthweight and selected risk factors for birthweight. Women receiving care from the health departments are at higher risk on most of the characteristics shown and this is reflected in their higher per cents of low birthweight. Women with no prenatal care in the out-of-project group are clearly a distinct group of very high-risk women. Both of these subgroups are excluded from further analysis. It can be seen from Table 1 that private patients in and out of the project are more comparable, although women out of the project appear to be at somewhat higher risk. The out-of-project women have consistently higher per cents of low birthweight. Table 2 shows the results of logistic regression analyses that indicate the independent statistical effects of the project on low birthweight. The indicators of WIC and Medicaid participation are not included as predictors of low birthweight since the values were similar for private patients in and out of the project, and a preliminary analysis showed little relationship between these variables and low birthweight among private patients. After controlling for differences between the two groups on all of the the other characteristics, women out of the project are 1.32 times as likely as women in the project to have a birth less than 2500 grams (95% CI 1.14, 1.54). The most important influence on the probability of having a birth less than 2500 grams is Black race.** Looking at preterm births (<38 weeks) less than 2500 grams, the relative odds for women out of the project is greater at 1.45 (95% CI 1.20, 1.74). This is consistent with the fact that the project is oriented more toward preventing preterm labor than intrauterine growth retardation.
The greatest measured effect of the project is for births less than 1500 grams. Women out of the project are 1.87 times (95% CI 1.25, 2.80) as likely as women in the project to have a very low birthweight baby, after controlling for all of the other risk factors. This is a very important result since most mortality, serious morbidity, and medical care costs occur among these very low birthweight infants. With the exception of race and previous death, the other risk factors are not strongly predictive of very low birthweight.
As one test for possible interaction effects, the logistic regressions were run separately for Whites and Blacks. The project effects were essentially the same for low birthweight and for preterm low birthweight as in the full model. For very low birthweight the positive project effect was substantially greater for Whites than for Blacks. However, the number of very low birthweight births to Blacks in this region in 1985 was very small, which makes a stable comparison within this **Data are for persons of all races other than White, over 90 per cent of whom are Black in this region. race group difficult. The results of these analyses are available upon request. Table 3 shows further detail of the relation between project participation and low birthweight. Low birthweight per cents are compared for women out of and in the prematurity prevention project across levels of the other risk factors. The summary odds ratio of 1.32 shown in Table 2 may mask differences in the effect of the project across categories of these other risk factors. As expected, women who are black, unmarried, and in the other high-risk categories generally have higher per cents of low birthweight. But the ratio of low birthweight per cents for women out of and in the project varies by risk factor. For every risk factor except prior fetal or infant loss, the higher risk women appear to benefit from the project more than their lower-risk counterparts. For women with low maternal age, the contrast is particularly striking. While the relatively small number of births under 1500 grams would not support this type of stratified analysis for very low birthweight, those results are similar to the Table 3 comparisons, suggesting that there are certain target groups that will benefit most from this type of project.
Discussion
While the results of this statistical analysis do not demonstrate a cause and effect relationship, they suggest that the prematurity prevention project in North Carolina Perinatal Care Region II may have served to reduce the low birthweight rate among project participants in 1985. The greatest effect was found for very low birthweight. Due to the large cohort of births examined in the present study, it was feasible to measure differences in the rate of this relatively rare event. Even modest reductions in the rate of very low birthweight can make prevention programs cost effective, given the high rates of morbidity and use of medical care.
An important result of this study is that it suggests that a prematurity prevention program may be effective in reducing low birthweight among a group ofprivate patients who are on average at lower risk than the indigent populations to whom such programs are frequently oriented. This is important because the majority of low weight births occur in the largest population group: women not in poverty. Thus such programs may be beneficial for women with a wide range of risk characteristics.
Two aspects of the prematurity prevention program in northwestern North Carolina that would help explain its apparent success should be mentioned. Substantial information and support were provided from the Statewide Perinatal Care Program and from the northwestern North Carolina perinatal advisory committee, which is a large multi-disciplinary group active for the last 10-12 years. Also, an intensive program of outreach resulted in enthusiastic participation by large numbers of physicians and nurses in the region, which would be an important factor in such a program's success.
The apparent effectiveness of the program in reducing low birthweight among private patients is consistent with our previous work examining the etiologies of low weight birth in public vs private patients.'0 A higher proportion of low weight births to private patients (compared to public patients) is due to.idiopathic premature labor (no obvious cause) rather than medical problems, premature rupture of the membranes, or impaired fetal growth. For very low weight births among private patients, an even higher proportion is due to idiopathic premature labor."1 Since current prematurity prevention methods are most likely to prevent low weight births related to idiopathic premature labor, many low weight births to private patients are potentially preventable. A present challenge is to find more effective obstetric means of reducing low weight births to poor women in public clinics among whom premature rupture of the membranes and impaired fetal growth are much more common. ,The work of Main, et al,6 suggests that current prematurity prevention strategies are not as effective among poor, inner-city women.
Some possible limitations of the present study should be considered. It is unlikely that statistical adjustment from measured birth certificate information has made the two groups of women completely comparable. Many lifestyle and access factors were not measured. Women out of the project may have had greater risk for low birthweight on these unmeasured variables. This would be a potential problem in any retrospective observational study.
The question of selection bias should be considered. To the extent that providers who chose to participate in the program were ones that would have provided better prenatal care without the program, the results would be biased in favor of the program. While characteristics of patients were statistically controlled for in the analysis, characteristics of the providers were not controlled.
The present results differ from the lack of project impact that Main, et al,6 found in their controlled trial. It was suggested above that this might be due to the different patient populations that were studied. Clearly, more research is needed to determine the success of the prematurity prevention approach across different geographic areas and population subgroups.
In summary, this study suggests that a comprehensive program of prematurity prevention may be able to reduce the rate of low birthweight in a multi-county region. While it does not modify some of the basic causes of low birthweight, such a program might effectively intervene to improve outcomes while longer term attempts are underway to address under-lying problems such as unplanned pregnancy, poor prepregnancy health, low education, poverty, and teenage birth.
